ABSTRACT Background. Our purpose was to examine the incidence and impact on survival of other primary malignancies (OPM) outside of the breast in breast cancer patients and to identify risk factors associated with OPM. Methods. Patients with stage 0-III breast cancer treated with breast conserving therapy at our center from 1979 to 2007 were included. Risk factors were compared between patients with/without OPM. Logistic regression was used to identify factors that were associated with OPM. Standardized incidence ratios (SIRs) were calculated. Results. Among 4,198 patients in this study, 276 (6.6 %) developed an OPM after breast cancer treatment. Patients with OPM were older and had a higher proportion of stage 0/I disease and contralateral breast cancer compared with those without OPM. In a multivariate analysis, older patients, those with contralateral breast cancer, and those who did not receive chemotherapy or hormone therapy were more likely to develop OPM after breast cancer. Patients without OPM had better overall survival. The SIR for all OPM sites combined after a first primary breast cancer was 2.91 (95 % confidence interval: 2.57-3.24). Significantly elevated risks were seen for numerous cancer sites, with SIRs ranging from 1.84 for lung cancer to 5.69 for ovarian cancer. Conclusions. Our study shows that breast cancer patients have an increased risk of developing OPM over the general population. The use of systemic therapy was not associated with increased risk of OPM. In addition to screening for a contralateral breast cancer and recurrences, breast cancer survivors should undergo screening for other malignancies.
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Cancer statistics continue to demonstrate that breast cancer is the most frequently diagnosed malignancy in the United States and the second leading cause of cancer-related deaths in American women. 1 Many studies and awareness programs have promoted early detection of breast cancer, and there have been significant advances in treatment modalities. Breast conserving therapy (BCT) is considered standard of care for the local-regional management of earlystage breast cancer, offering equivalent survival benefit and acceptable local control rates when compared with mastectomy. [2] [3] [4] Radiation therapy is an essential part of BCT for local-regional control of the disease. Chemotherapy and hormonal therapy have proven benefits for reducing localregional recurrence as well as distant metastasis in certain patient subsets. Owing to improvements in cancer treatment, women with newly diagnosed breast cancer now have a 90 % 5-year relative survival, and there are approximately 2.6 million breast cancer survivors in the United States. 5 It has been proposed that women with breast cancer may be at higher risk for developing other primary malignancies (OPM), and this may be influenced by treatments used at their initial diagnosis.
Several studies have reported the risks of OPM in women with breast cancer and hypothesized that these malignancies were due to shared environmental, lifestyle, and genetic factors or treatment effects. 6, 7 The possibility of non-breast malignancies secondary to adjuvant therapies has been hypothesized and examined in population-based studies. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Several investigators have reported a low rate of development of OPM among patients treated with radiation therapy and chemotherapy. 9, [11] [12] [13] [14] [15] [16] [17] [18] 20, 21 Treatment with adjuvant tamoxifen has been shown to be associated with an excess risk of endometrial cancers. 8, 10, 19 Obedian et al. 22 reported that for early-stage breast cancer patients there was no increased risk of OPM.
Whether or not OPM have an impact on survival in breast cancer patients after BCT has not been established. The focus of our study was to examine the incidence of OPM after breast cancer treatment and to identify risk factors associated with post breast cancer OPM. In addition, we investigated the survival impact of these OPM on our breast cancer survivors.
PATIENTS AND METHODS

Patient Selection and Data Collection
Patients with stage 0-III breast cancer who underwent BCT from 1979 through 2007 were identified. The MD Anderson Institutional Review Board approved this study. Patients were excluded if the patients did not receive radiation therapy or if they were lost to follow-up within 2 years (157 patients). Also excluded were 23 patients who developed OPM both prior and post breast cancer treatment and 209 patients who had an OPM prior to the diagnosis of breast cancer. Records of 17 patients presenting with stage IV breast cancer were excluded. A total of 4,198 patients were included in this study after exclusions. Because basal cell carcinoma and squamous cell carcinoma of the skin rarely affect survival, these non-melanoma skin cancers were not included as OPM.
Surgical Treatment
Patients underwent resection of the primary breast tumor plus either sentinel lymph node biopsy or axillary lymph node dissection (ALND) for lymph node staging. Macroscopic complete excision of the primary tumor was performed for all patients, and margin status was reviewed intraoperatively by the pathologists. Clips were used to mark the breast cavity to aid in the delivery of radiation therapy.
Radiation Therapy
The ipsilateral breast was treated with 45-50 Gy, delivered in 25 fractions over a 5-week period. Medial and lateral tangential fields of cobalt-60, 6-MV or 18-MV photons were used for radiation. In addition, some patients received a boost of 10-20 Gy to the tumor bed with electrons or an interstitial implant. 23 
Systemic Therapy
Patients with histologically proven lymph node metastasis were offered systemic chemotherapy. After 1990, systemic chemotherapy was also offered to node-negative patients depending on primary tumor factors that were used for risk stratification. For postmenopausal patients with estrogen receptor positive tumors, tamoxifen was offered with or without chemotherapy. 24 In the later years of the study, endocrine therapy was also offered to premenopausal women with estrogen receptor positive tumors.
Statistical Analysis
Patients were divided into two groups: patients without OPM and patients with OPM. Patient, tumor, and treatment characteristics were compared among those groups. Differences in characteristics were analyzed by the Chi-square test or Fisher exact test, t test/rank sum test or KruskalWallis H test. We used cancer incidence rates of first primary cancer (based on NAACCR publication Cancer Incidence in North America, 2002-2006, Cancer Incidence rate for females in the United States) for the calculation of standardized incidence ratios (SIRs) of post breast cancer OPM. 25 SIR confidence intervals (CI) were derived using exact Poisson probabilities under the usual assumption that the numbers of observed cancers followed a Poisson distribution with means and variances equal to the numbers expected. Backward stepwise logistic regression analysis was used to identify factors that were associated with post breast cancer OPM. Overall survival was defined as time from the diagnosis of breast cancer to death of any cause. A multivariate Cox proportional hazards model was used to identify significant factors associated with overall survival stratifying by clinical TNM stage and age. Stata statistical software (SE 10, StataCorp LP, College Station, TX, USA) was used for statistical analyses. All P values were two tailed, and P B .05 was considered significant.
RESULTS
Demographics and Clinical and Pathologic Characteristics
There were 4,198 patients included in the cohort. A total of 276 (6.6 %) developed an OPM after breast cancer treatment. For those 276 patients with OPM (6.6 %), median time to diagnosis of OPM was 1,835 days (mean 2,391 days, range 3-10,026 days). The 276 patients with OPM after the initial breast cancer treatment were followed for 37,188 person-years. The median follow-up time was 7.2 years (range 2-30.5 years). The majority of the patients were white (76.6 %), and the median age at the time of breast cancer diagnosis was 55 years (range 22-89 years). The most common histologic type of breast cancer was invasive ductal carcinoma (74.6 %).
Patient, tumor, and treatment characteristics for the two groups are summarized in Table 1 . Patients with OPM were older and had a higher proportion of stage 0/I disease and contralateral breast cancer compared with those without OPM. No significant differences were noted between the two groups with respect to race, histologic subtype, histologic grade, final margin status, body mass index (BMI), estrogen receptor (ER), progesterone receptor (PR), and family history of cancer.
In this study, no distinction was made between neoadjuvant and adjuvant chemotherapy. In patients matched by clinical stage, chemotherapy was more frequently given to patients with breast cancer who did not have OPM. Patients with OPM were less likely to receive hormonal therapy than patients without OPM. The local, regional, and systemic recurrence rates were similar in the two groups. In this cohort, patients with OPM had the highest proportion of contralateral breast cancers (16.0 % in patients with OPM compared with 9.5 % of patients without OPM, P \ .0001).
Risk Factors for OPM after Breast Cancer Treatment
A backward stepwise logistic regression analysis was used to identify factors that were associated with OPM. The factors included in the final model were age, contralateral cancer, race, BMI, family history of cancer, BRCA mutation, chemotherapy, and hormone therapy. Table 2 shows results from the multivariate analysis for the factors associated with OPM. Older patients (age [55 years) were more likely to have OPM [odds ratio (OR) 1.44, P = .006], as well as contralateral breast cancer (OR 1.75, P = .001). Patients who did not receive chemotherapy or hormone therapy were more likely to have OPM.
Non-Breast Malignancies
The specific types of OPM are reported in Table 3 . Of note, the total number of OPM is greater than the number of patients identified with OPM because some of the patients had more than 1 OPM. The most commonly diagnosed OPM in our patients were gynecological malignancies, which included uterine, ovarian, cervical, and vaginal cancer. Gastrointestinal and lung malignancies were the second most common cancer type. Hematologic and endocrine cancers, melanoma, genitourinary cancer, head and neck cancer, and sarcoma followed in decreasing order. There was no evidence that the higher incidence of lung cancer after breast cancer treatment was associated with radiation, as contralateral lung cancers were as common as ipsilateral lung cancers. The SIR for all OPM sites combined after a first primary breast cancer was 2.91 [95 % confidence interval (95 % CI) 2.57-3.24] (Table 4) . Significantly elevated risks were seen for numerous cancer sites, with SIRs ranging from 1.84 for lung cancer to 5.69 for ovarian cancer.
Survival
The 5-year actuarial overall survival rate was 94.9 % for patients without OPM, 90.2 % for patients with OPM (P \ .0001; Fig. 1) . Patient, clinical, and pathological factors affecting overall survival stratified by clinical TNM stage and age are presented in Table 5 . Patients who were African American, or had negative ER status, or had positive lymph nodes had shorter overall survival. Patients with OPM had a worse overall survival compared with patients without OPM.
DISCUSSION
Our study shows that breast cancer patients have an increased risk of developing OPM compared with the general population. The use of systemic therapy was not associated with increased risk of OPM in our patient cohort. The 6.6 % incidence OPM after breast cancer treatment in our study is comparable to the incidence reported in other studies. 6, 26, 27 The most common types of OPM identified in our cohort were, in decreasing order, lung, endometrial, ovarian, and colorectal cancers, and melanoma, a list that is very similar to that reported by Galper et al. 26 We did note some significant differences between the patients with and without OPM. Patients with OPM were older, had more stage I and lower grade tumors and less nodal involvement, were more likely to have undergone lumpectomy with ALND, and were more likely to have a first-degree relative with cancer compared with those without OPM.
We noted that older patients ([55 years old), those with contralateral breast cancer, and those who did not receive adjuvant chemotherapy and hormone therapy had a higher risk of developing post breast cancer OPM. Fowble et al. 28 published their experience on 1,253 women with earlystage breast cancer who underwent BCT and found that older age was associated with an increased cumulative risk of non-breast primary malignancy. An earlier report from our center showed that among postmenopausal women (age C 50 years) the incidence of OPM was lower in those who received chemotherapy. 29 Rubagotti et al. 30 studied the risk of new primaries after chemotherapy for earlystage breast cancer patients treated between 1983 and 1991 and found that the incidence of OPM was similar among chemotherapy-treated patients and untreated patients (2.6 vs. 2 %, respectively); however, a 2-fold risk of OPM was observed among the breast cancer patients compared with the expected rate in the general population.
The role of tamoxifen as an adjuvant therapy is well documented in patients who have ER-positive disease; however, whether or not tamoxifen is associated with an increased risk of non-breast malignancies is not clear. 28 reported a significant increase in the cumulative incidence of endometrial and gastrointestinal cancers among breast cancer patients treated with tamoxifen. Similar findings were observed by Rutqvist et al. 31 Conversely, a study conducted in Japan by Katase et al. 32 showed that there was no increase in the incidence of subsequent endometrial cancers among tamoxifen-treated patients who underwent annual screening for gynecological malignancy. Several other investigators have found no significant increase in the development of OPM among breast cancer patients treated with tamoxifen. [33] [34] [35] [36] Rubagotti et al. 30 found that The final multivariate model with all of the covariates listed in Table 1 and those factors included in the model that were not significant are not shown A number of studies have examined the incidence of OPM in breast cancer patients treated with radiation therapy, chemotherapy, and hormonal therapy. 4, 26, [37] [38] [39] [40] [41] [42] Our study shows that women with breast cancer treated with BCT had an SIR of more than 2.9 for developing a new primary non-breast malignancy compared with women without breast cancer. Rubino et al. 17 observed a slightly increased incidence of OPM in breast cancer patients and reported a SIR of 1.4 when compared with the general population in France. Another study showed that women with a first primary breast cancer had only a 25 % increase in the risk of developing a new primary non-breast cancer in comparison with women without cancer. 7 Both a National Cancer Institute early breast cancer trial of comparing lumpectomy, axillary dissection, and radiation with modified radical mastectomy, with a median follow-up period of 10 years, and the Institute Gustave-Roussy trial of conservative treatment versus mastectomy in early breast cancer, with a minimum follow-up of 14 years, failed to show a significant increase in second non-breast malignancies from radiation therapy. 41, 43 Obedian et al. 22 compared lumpectomy and radiation therapy with mastectomy for early-stage breast cancer patients at a single institution. The 15-year risk of any second malignancy was nearly identical in both cohorts. However, Roychoudhuri et al. 44 suggested that the radiation therapy seemed to pose an increased risk for OPM, especially for lung cancer, myeloid leukemia, second breast cancer, and esophageal cancer. The increased incidence of lung cancer in the NSABP B0-4 trial patients who received radiation therapy was also seen in the studies by Deutsch et al. and by Zablotska et al. 45, 46 It is interesting but difficult to claim a cause-effect relationship between the radiation therapy and lung cancer development in our study since we did not account for the patient's smoking history, genetic predisposition, and environmental factors. In addition, patients with a history of breast cancer undergo more frequent imaging studies including chest X-rays, leading to a selection bias. Despite the clinical importance of the consequence of radiation therapy exposure, little is known about predisposing risk factors. A recent study found that two genetic variants were strongly associated with an increased risk of a second cancer in children with Hodgkin lymphoma who received radiation therapy as part of their treatment. 47 This study may be crucial for understanding the etiology of OPM in those Hodgkin lymphoma survivors, as well as in other cancer patients treated with radiation therapy.
Our study has a number of limitations, including those inherent to any single-institution, retrospective study. First, our study is limited by the sample size, the lack of a nonradiation therapy control group, and missing data regarding genetic information, lifestyle choices, and other risk factors. The strengths of the study include a long follow-up interval and inclusion of patients from a single institution that has used standardized treatment regimens over decades.
In conclusion, our study shows that breast cancer patients are at increased risk for the development of OPM compared with the general population. Systemic therapy use was not associated with increased risk of OPM in our cohort. In addition to screening for development of a contralateral breast cancer and recurrences, routine screening for the development of second primary malignancies should be encouraged. Breast cancer patients, especially younger ones, those who are obese, and those with a smoking history, should be encouraged to follow the primary prevention advice related to tobacco use, diet, and weight control. In addition, all breast cancer survivors should have ongoing screening for contralateral breast cancers and be educated regarding the signs and symptoms of recurrent breast cancer. Physicians must also be aware of the increased risk of non-breast malignancies and should incorporate this information into surveillance strategies.
The early detection of OPM should be a priority in order to improve the prognosis of breast cancer survivors.
